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TITLE OF THE INVENTION 

A METHOD AND SYSTEM FOR TAPE MANAGEMENT 

BACKGROUND OF THE INVENTION 

5 

The present invention relates to a technique for 
transferring tape information between a plurality of computer 
systems . There are magnetic tapes as conventionally used 
recording media which provide access at a speed lower than that 

10 of magnetic disk drives . As exemplified in Japanese Unexamined 
Patent Application Publication No. Hei 11-272426, in recent 
years , there have been developed virtual tape units which permit 
access faster than actual magnetic tapes by virtually emulating 
the tape units on magnetic disk drives capable of access at 

15 a higher speed. 

SUMMARY OF THE INVENTION 
When using a virtual tape volume on another computer system , 
there is a method for outputting a data set to a magnetic tape 
20 once to carry the magnetic tape itself to another computer system 
for use. There is also a method for transferring a data set 
which has imaged a disk file using a communication line between 
systems for use. 

When the data set is outputted to the magnetic tape once 
25 for use, it requires a long time for input /output processing 
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to/from the magnetic tape as compared with a virtual tape. 
Further, the cost of operation for carrying the magnetic tape 
is high. 

When the file is transferred using the communication line 
5 between systems for use, the load on the systems on the 

transferring side and the transferred side is large during the 
file transfer processing. In addition, the program handling 
the tape to use the transferred file is changed to handle the 
disk file, whereby the conventional task must be changed. The 
10 cost concerning the change of the task is high. 

An object of the present invention is to make processing 
of a task using a virtual tape volume on another computer system 
faster and to reduce the cost. 

In the present invention, to use a virtual tape volume 
15 on another computer system without using a magnetic tape, the 
virtual tape volume is transferred using a communication line. 
Specifically, to copy a virtual tape file, a copy function 
between disk drives operated to be asynchronous to systems, 
not communication between the systems, is used. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a configuration diagram including an embodiment 
of the present invention; 

FIG. 2A is a structure example of virtual tape management 
25 information in FIG. 1; 
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FIG. 2B is a structure example of a virtual tape file 
in FIG. 1; 

FIG. 3A is a copy function between magnetic disk drives; 
FIG. 3B is a structure example of file position 
5 information; 

FIG. 4 is a flowchart of a virtual tape input processing 
example; 

FIG. 5 is a flowchart of a virtual tape output processing 
example ; 

10 FIG. 6 is an embodiment of automatic output processing 

to a magnetic tape in a system at a remote place; 

FIG. 7 is an embodiment of renting processing of a virtual 
tape renting task; and 

FIG. 8 is an embodiment of returning processing at the 
15 completion of the virtual tape renting task. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
Embodiments of the present invention will be described 
below in detail using the drawings . 
20 FIG. 1 is a configuration diagram of a network system 

which connects, via a network, a computer system and another 
computer system including an embodiment of the present invention . 
An embodiment in which virtual tape transfer processing is 
performed between a system incorporating a virtual tape unit 
25 and another system will be described using FIG. 1. In the drawing. 
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the solid line arrows indicate data flows , and the dashed arrows 
indicate processing flows. 

A system A 110 is connected to a virtual tape unit 130 
and has a virtual tape transfer processing unit 111 and a virtual 
5 tape transfer processing unit operation instruction part 119. 

The virtual tape transfer processing unit 111 has acontrol 
part 112, a virtual tape input/output part 113, an exclusive 
processing part 114, a file transfer part 115, an expiration 
date management part 116, virtual tape management information 
10 117, and a virtual tape file 118. 

A system B 120 has a virtual tape transfer processing 
unit 121 and a tape using task execution part 129. 

The virtual tape transfer processing unit 121 has acontrol 
part 122, a virtual tape input/output part 123, an exclusive 
15 processing part 124, a file transfer part 125, an input/output 
request conversion part 126, virtual tape management 
information 127, and a virtual tape file 128. 

The virtual tape unit 130 has a virtual tape unit control 
part 131 , a virtual tape management directory 132 , and a virtual 
20 tape storage area 133. 

The virtual tape unit control part 131 of the system A 
and the input/output request conversion part 126 of the system 
B each have a mechanism converting an input /output request to 
the tape unit to input /output to/from a disk. 
25 The system A 110 and the system B 120 are connected via 



a network 140. Data transfer and input/output request between 
the systems are performed via the network 140. The virtual 
tape file 118 and the virtual tape file 128 have a copy function 
between magnetic disk drives and are stored into the magnetic 
5 disk drives capable of copying the files to be asynchronous 
to the systems. 

A processing flow using a virtual tape volume of the system 
A 110 in input processing of the tape using task execution part 
129 of the system B 120 will be described using FIG. 1. 
10 The tape using task execution part 129 gives a virtual 

tape input request. The exclusive processing part 124 locks 
the virtual tape file 128 . The control part 122 gives a virtual 
tape input request to the virtual tape transfer processing unit 
111. 

15 When the control part 112 receives the input request, 

the exclusive processing part 114 checks whether the virtual 
tape volume is usable. When it is usable, the virtual tape 
volume and the virtual tape file 118 are locked. 

Whether the current virtual tape has already been 

20 transferred is checked. When the current virtual tape has not 
been transferred, the virtual tape input /output part 113 creates 
the virtual tape management information 117 (which defines the 
structure of the tape file and will be described later in detail ) 
and the virtual tape file 118 based on the virtual tape volume. 

25 That is, the virtual tape file 118 (the same data set as that 
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of the virtual tape storage area 133 ) is created from the virtual 
tape storage area 133. The virtual tape file 118 serves as 
a work area to the virtual tape storage area 133. This is for 
preventing the processing of the system A from being interrupted 
5 by file transfer. 

The file transfer part 115 transfers the virtual tape 
file 118 to the virtual tape file 128 using the copy function 
between the magnetic disk drives so as to be asynchronous to 
the systems, and stores file position information on the 

10 transferred side into the virtual tape management information 
117. The control part 112 copies the virtual tape management 
information 117 to the virtual tape management information 127 . 
A technique for copying data between systems without any load 
on a host computer is exemplified in Japanese Unexamined Patent 

15 Application Publication No. 2000-305856. 

When the current virtual tape has been transferred to 
the system B 120, the control part 112 notifies, to the virtual 
tape transfer processing unit 121, that the virtual tape is 
usable. 

20 When the control part 122 receives the notification that 

the virtual tape is usable, the input request from the tape 
using task execution part 129 is converted by the input/output 
request conversion part 126. The virtual tape management 
information 127 and the virtual tape file 128 are used in the 

25 input processing of the tape using task execution part 129 using 
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the virtual tape input/output part 123. 

When the input processing is completed, the control part 
122 notifies , to the virtual tape transfer processing unit 111 , 
that use of the virtual tape is completed. The exclusive 
5 processing part 114 unlocks the virtual tape volume and the 
virtual tape file 118. The exclusive processing part 124 
unlocks the virtual tape file 128. 

A processing flow in which the tape using task execution 
part 129 of the system B 120 requests output of the virtual 
10 tape volume of the system A 110 will be described using FIG. 
1. 

The tape using task execution part 129 gives a virtual 
tape output request. The exclusive processing part 124 locks 
the virtual tape file 128 . The control part 122 gives a virtual 
15 tape output request to the virtual tape transfer processing 
unit 111. 

When the control part 112 receives the output request, 
the exclusive processing part 114 checks whether the virtual 
tape volume is usable. When it is usable, the virtual tape 

20 volume and the virtual tape file 118 are locked. The control 
part 112 notifies, to the virtual tape transfer processing unit 
121, that the virtual tape is usable. The virtual tape volume 
is, e.g. , one magnetic tape and includes a plurality of files. 
Exclusive control is performed in the virtual tape management 

25 directory 132 for each virtual volume. Exclusive control is 



performed in the virtual tape management information 117 for 
each file. 

When the control part 122 receives the notification that 
the virtual tape is usable, the input/output request conversion 
5 part 126 converts the output request from the tape using task 
execution part 129 between the tape interface and the disk 
interface. The virtual tape input/output part 123 is used to 
output it to the virtual tape management information 127 and 
the virtual tape file 128. 

10 After the completion of the output processing, the file 

transfer part 125 transfers the virtual tape file 128 to the 
virtual tape file 118 using the copy function between the 
magnetic disk drives so as to be asynchronous to the systems, 
and stores the file position information on the transferred 

15 side into the virtual tape management information 127. The 
control part 122 copies the virtual tape management information 
127 to the virtual tape management information 117 to output 
the virtual tape volume based on the virtual tape management 
information 117 and the virtual tape file 118. Specifically, 

20 it returns the data to the virtual tape storage area 133 to 
rewrite the virtual tape management directory 132. 

When the transfer of the virtual tape management 
information 127 and the virtual tape file 128 to the system 
A 110 is completed, the control part 122 notifies , to the virtual 

25 tape transfer processing unit 111, that use of the virtual tape 
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is completed. The exclusive processing part 114 unlocks the 
virtual tape volume and the virtual tape file 118 . The exclusive 
processing part 124 unlocks the virtual tape file 128. 

The expiration date management part 1 16 monitors a renting 
5 expiration date in the task to rent the virtual tape of the 
system A 110 to the system B 120. When the expiration date 
is expired, it automatically performs virtual tape returning 
processing. The expiration date management part 116 gives a 
returning request . The control part 122 of the system B performs 

10 returning control. 

The virtual tape transfer processing unit operation 
instruction part 119 outputs the request to the virtual tape 
transfer processing unit 111 when performing the virtual tape 
transfer processing from the system A side. 

15 FIG. 2A is a structure example of the virtual tape 

management information 117 used for transferring a virtual tape . 
FIG. 2B is a structure example of the virtual tape file 118. 
The virtual tape management information 117 stores a volume 
name 210, control information 220, label information 230, and 

20 file position information 240 for each virtual tape transferred. 
The control information 220 has exclusive control information 
221, magnetic tape output control information 222, and 
expiration date information 223, which are set according to 
a task used. The virtual tape file 118 stores virtual tape 

25 files 250. 



FIG. 3A is a file copy example by the copy function between 
the magnetic disk drives . FIG . 3B is a file position information 
example . 

The magnetic disk drives on the transferring side and 
5 the transferred side are mapped in a copiable unit , respectively . 
One file is one successive data piece on a magnetic tape. One 
file on the magnetic disk drive is divided into some successive 
data pieces to be written. 

In the copy between the magnetic disk drives, data of 
10 each block may be written into a position different from the 
magnetic disk drive on the transferring side . The file position 
information 240 stores data start and end positions, data 
continuation and end specification, and copying side block 
positions and copied side block positions of data for each 
15 successive data piece. 

FIG. 4 is a flowchart showing a flow of input processing. 
The procedure of the input processing will be described using 
FIG. 4. 

The tape using task execution part 129 of the system B 
20 120 gives a virtual tape input request (step 401). 

When the input request is given, the system A 110 and 
the system B 120 lock the respective targeted virtual tapes 
so as not to be used in other processing. First, the system 
B 120 locks the virtual tape file 128 (step 402) . The locking 
25 is performed by writing exclusive control specification into 
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the exclusive control information 221 in the control information 

220 in the virtual tape management information 127 by the 
exclusive processing part 124. 

Next, the control part 122 gives a virtual tape input 
5 request to the virtual tape transfer processing unit 111 (step 
403), When the control part 112 receives the input request 
(step 404), the exclusive processing part 114 checks whether 
the targeted virtual tape volume is usable (step 405). When 
the virtual tape volume is usable, the exclusive processing 
10 part 114 gives, to the virtual tape unit 130, a request to allow 
the virtual tape volume to be in use, thereby writing exclusive 
control specification into the exclusive control information 

221 of the virtual tape management information 117 to lock the 
virtual tape file 118 (step 406). 

15 Whether the label information 230 is stored into the 

targeted virtual tape management information 117 is checked. 
When it is stored, the update dates of the virtual tape volume 
and the virtual tape management information 117 are compared 
to check whether the virtual tape is transferred (step 407). 

20 When the label information 230 does not exist or the update 
date of the virtual tape volume is later, the virtual tape is 
transferred. 

For the transfer of the virtual tape, first, the virtual 
tape input/output part 113 creates the virtual tape file 118 
25 to be transferred based on the virtual tape storage area 133 



and stores the label information of the targeted volume of the 
virtual tape management directory 132 into the label information 
230 of the virtual tape management information 117 (step 408) . 
The file transfer part 115 uses the copy function between the 
5 magnetic disk drives to transfer the virtual tape file 118 to 
the virtual tape file 128 of the system B 120 so as to be 
asynchronous to the systems ( steps 409 , 410 ) . The file position 
information 240 corresponding the file positions on the 
transferring side and the transferred side with each other is 

10 stored into the virtual tape management information 117 (step 
411). The control part 112 sends the virtual tape management 
information 117 to the virtual tape information 127 of the system 
B 120 (steps 412, 413). 

When the virtual tape has been transferred to the system 

15 B 120, the control part 112 notifies, to the system B 120, that 
the virtual tape is usable (step 414). The input request of 
the tape using task execution part 129 is converted by the 
input/output request conversion part 126 (step 415). The 
virtual tape input /output part 123 uses the volume name 210 

20 and the label information 230 in the virtual tape management 
information 127 and the virtual tape file 128 for the input 
processing (step 416). 

After the completion of the input processing, the control 
part 122 notifies, to the system A 110, that use of the virtual 

25 tape is completed (step 417). The exclusive processing part 
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114 gives, to the virtual tape unit 130, a request to complete 
use of the virtual tape volume, removes the exclusive control 
specification of the exclusive control information 221 of the 
virtual tape management information 117 , and unlocks the virtual 
5 tape file 118 (step 418). The exclusive processing part 124 
removes the exclusive control specification of the exclusive 
control information 221 of the virtual tape management 
information 127, and unlocks the virtual tape file 128 (step 
419) . 

10 As an operation example of the input processing, the 

virtual tape transfer processing unit operation instruction 
part 119 performs virtual tape transfer processing to the system 
B 120 at a predetermined timing or at a timing for each fixed 
time . When the transfer of the virtual tape is completed before 

15 the tape using task execution part 129 gives the input request, 
the virtual tape transfer processing is eliminated at the input 
processing to make the input processing faster. The tape using 
task execution part 129 has the effect of executing the 
processing quickly without waiting for the transfer of the 

20 virtual tape. The virtual tape transfer processing flow is 
as follows. 

The virtual tape transfer processing unit operation 
instruction part 119 gives a tape transfer request . The system 
A 110 and the system B 120 lock the virtual tapes. The virtual 
25 tape input/output part 113 creates the virtual tape file 118 
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to be transferred based on the virtual tape storage area 133 
to store the label information of the targeted volume of the 
virtual tape management directory 132 into the label information 
230 of the virtual tape management information 117. The file 
5 transfer part 115 sends the virtual tape file 118 to the system 
B 120 to store the file position information 240 into the virtual 
tape management information 117. The control part 112 sends 
the virtual tape management information 117 to the system B 
120. 

10 FIG. 5 is a flowchart showing a flow of output processing. 

The procedure of the output processing will be described using 
FIG. 5. 

The tape using task execution part 129 of the system B 
120 gives a virtual tape output request (step 501). 

15 When the output request is given, the system A 110 and 

the system B 120 lock the targeted virtual tapes so as not to 
be used in other processing. The system B 120 locks the virtual 
tape file 128 (step 502) . The locking is performed by writing 
exclusive control specification into the exclusive control 

20 information 221 in the control information 220 in the virtual 
tape management information 127 by the exclusive processing 
part 124. 

The control part 122 gives a virtual tape output request 
to the virtual tape transfer processing unit 111 (step 503). 
25 When the control part 112 receives the output request (step 
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504), the exclusive processing part 114 checks whether the 
targeted virtual tape volume is usable (step 505). When the 
virtual tape volume is usable, the exclusive processing part 
114 gives, to the virtual tape unit, a request to allow the 
5 virtual tape volume to be in use, thereby writing exclusive 
control specification into the exclusive control information 
221 of the virtual tape management information 117 to lock the 
virtual tape file 118 (step 506). 

When the system A 110 and the system B 120 lock them, 

10 the control part 112 notifies, to the system B 120, that the 
virtual tape is usable (step 507). The output request of the 
tape using task execution part 129 is converted by the 
input/output request conversion part 126 (step 508). The 
virtual tape input/output part 123 stores the output result 

15 into the label information 230 in the virtual tape management 
information 127 and the virtual tape file 128 ( step 509 ) . After 
the completion of the output processing, the virtual tape is 
transferred. 

For the transfer of the virtual tape, the file transfer 
20 part 125 uses the copy function between the magnetic disk drives 
which is known in the control of a magnetic disk to transfer 
the virtual tape file 128 to the virtual tape file 118 of the 
system A 110 so as to be asynchronous to the systems (steps 
510, 511). The file position information 240 corresponding 
25 the file positions on the transferring side and the transferred 
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side with each other is stored into the virtual tape management 
information 127 (step 512). The control part 122 sends the 
virtual tape management information 127 to the virtual tape 
information 117 of the system A 110 ( steps 513 , 514 ) . The virtual 
5 tape input/output part 113 outputs the virtual tape volume based 
on the virtual tape management information 117 and the virtual 
tape file 118 (515) . 

After the completion the output processing of the virtual 
tape volume, the control part 122 notifies, to the system A 

10 110, that use of the virtual tape is completed (step 516) . The 
exclusive processing part 114 gives a request to complete use 
of the virtual tape volume to the virtual tape unit 130, removes 
the exclusive control specification of the exclusive control 
information 221 of the virtual tape management information 117 , 

15 and unlocks the virtual tape file 118 ( step 517 ) . The exclusive 
processing part 124 removes the exclusive control specification 
of the exclusive control information 221 of the virtual tape 
management information 127 to unlock the virtual tape file 128 
(step 518) . 

20 FIG. 6 is an embodiment in which the virtual tape is 

automatically outputted to the magnetic tape on another system. 
The drawing assumes FIGS. 1 and 2 and represents those related 
to this embodiment. According to this embodiment, a backup 
copy can be created at a remote place to take precautions against 

25 disaster. 
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The virtual tape transfer processing unit operation 
instruction part 119 specifies the presence or absence of erasing 
of a virtual tape on the outputting side to give a request to 
output the virtual tape of the system A 110 to the magnetic 
5 tape of the system B 120. 

The virtual tape input /output part 113 writes output 
specification to the magnetic tape into the magnetic tape output 
control information 222 in the control information 220 of the 
virtual tape management information 117 to specify the presence 
10 or absence of erasing of the virtual tape on the outputting 
side . 

As in the input processing , the virtual tape is transferred 
to the system B 120. After the completion of the transfer of 
the virtual tape, the control part 112 gives an output request 

15 to the magnetic tape to the virtual tape transfer processing 
unit 121. The virtual tape input/output part 123 checks the 
magnetic tape output control information 222 of the virtual 
tape management information 127 to output the virtual tape with 
the output specification to the magnetic tape to an actual 

20 magnetic tape. 

After the completion of the output to the magnetic tape, 
when there is erasing specification of the virtual tape on the 
outputting side in the magnetic tape output control information 
222 of the virtual tape management information 127, the control 

25 part 122 gives an erasing request of the targeted virtual tape 
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to the virtual tape transfer processing unit 111 to erase the 
virtual tape on the outputting side. 

FIG. 7 is an embodiment of a virtual tape renting task. 
FIG. 8 is an embodiment of virtual tape returning processing 
at the completion of the renting task. These drawings assume 
FIGS. 1 and 2 and represent those related particularly to the 
respective embodiments. 

In the processing flow of the virtual tape renting task, 
the virtual tape transfer processing unit operation instruction 
part 119 gives a renting request of the virtual tape to the 
virtual tape transfer processing unit 111. The virtual tape 
input/output part 113 specifies the expiration date information 
223 of the virtual tape management information 117 to transfer 
the virtual tape of the system A 110 to the system B 120, as 
in the input processing. 

The virtual tape expiration date is monitored by the 
expiration date management part 116. The expiration date 
management part 116 checks the expiration date information 223 
of the virtual tape management information 117 at a predetermined 
timing or a timing for each fixed time. When the expiration 
date is expired, it gives a returning request of the virtual 
tape to the virtual tape transfer processing unit 121. 

When the control part 122 receives the returning request , 
the virtual tape of the system B 120 is outputted to the virtual 
tape volume on the virtual tape unit 130 of the system A 110, 
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as in the output processing. 

As described above, according to the present invention, 
the magnetic tape is not used for transferring the virtual tape 
volume, thereby shortening the processing time and reducing 
5 the operation cost of the magnetic tape. The copy function 
between the magnetic disk drives which is operated to be 
asynchronous to the systems is used to copy the virtual tape 
file to reduce the load of the systems of the file transfer 
processing. The file on the magnetic disk is used as the file 
10 of the magnetic tape by conversion of the input/output request. 
It is unnecessary to change the conventional task. The cost 
concerning the change of the task can be reduced. 

In this embodiment , the magnetic disk is mainly described . 
It is not limited to the type of a recording medium and may 
15 be an optical disk. 

According to the present invention, the transfer time 
of the virtual tape volume between the systems can be shortened. 



